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Steep land forest management – lessons from 25 years 
ago
Keith Raymond and Ross Bawden

Abstract

Many of the issues related to recent events in places 
like Tasman Bay in February 2018 and Tolaga Bay in 
June 2018 were addressed in a ground-breaking forest 
management plan for the Pokairoa catchment in the 
Northern Boundary of Kaingaroa Forest in 1993. The 
authors were both Harvest Planning Managers for the 
Forestry Corporation of New Zealand Ltd back in the 
1990s, and in this paper reminisce about the lessons 
learned from that exercise 25 years ago and its relevance 
to recent events.

Introduction

With the planned onset from 1993 onwards of 
large-scale harvesting of the first rotation of radiata pine 
in the Northern Boundary region of Kaingaroa Forest, 
which included the Pokairoa Stream catchment, the 
management of the Forestry Corporation of New Zealand 
Ltd took a balanced approach to risk management. This 
included optimising economic returns from harvesting 
within the constraints of environmental management 
and health and safety systems. 

At the time, the Forestry Corporation was actively 
developing its environmental management system 
(EMS) to gain certification for ISO 14001. International 
Standards Organisation (ISO) 14000 series standards 
were widely used prior to the development of operational 
performance standard based certification systems. This 
environmental certification pre-dated the:

• Principles for Commercial Plantation Forest 
Management in New Zealand (NZFOA, 1995)

• Widespread adoption of FSC certification (FSC, 
2001)

• National Standard for Environmental Certification 
of Well-managed Plantation Forests in New Zealand 
(NZFOA, 2005)

• New Zealand Standard for Sustainable Forest 
Management (NZS/AS 4708:2014), which was 
endorsed by the Programme for the Endorsement 
of Forest Certification (PEFC) in 2015. 

It should also be remembered that two landmark 
pieces of legislation had only just been enacted earlier: 
the Resource Management Act 1991 (RMA), which set 

Example of a debris flow from a plantation forest
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out how our environment should be managed through 
processes such as resource consent, council plans and 
proposals of national significance; and the Health and 
Safety in Employment Act 1992 (HSE), which prescribed 
the obligations on employers and employees to ensure 
a healthy and safe workplace.

As part of its EMS and ISO 14001 certification, the 
Forestry Corporation decided to plan the harvesting of 
the whole Pokairoa catchment in the Northern Boundary 
of Kaingaroa Forest over a 10-year period. At the 
beginning of the planning phase of harvesting and road 
engineering operations in 1993, it was determined that 
a resource consent under the RMA was required. As the 
harvesting was both over a large area and a long period 
of time, it was decided to apply for a resource consent 
for the whole period of 10 years to give certainty to the 
catchment-wide harvest plan. This harvest plan also 
presented a unique opportunity to measure pre-harvest 
and post-harvest sediment yield and water quality. 

The region

High tectonic uplift in New Zealand and a history 
of volcanic activity combines with high precipitation 
to produce naturally high erosion rates (Basher, 2013). 
Erosion processes are dominated by mass movement, 
including shallow and deep-seated landslides, debris 
avalanches and earthflows (Eyles, 1983).

The Northern Boundary of Kaingaroa Forest 
(Figure 1) is drained by three permanent streams with a 
catchment area of 11,442 ha: the Pokairoa Stream in the 
north, the Poumako Stream south of Whiteley Road, 
and the much larger Mangaharakeke Stream further 
south (38.19°S, 166.45°E). These three streams rise on 
the northern edge of the Kaingaroa Plateau at about 
435 m altitude, and descend to about 150 m altitude 
at the point they converge just west of Bonisch Road, 
the main arterial route to Kawerau in the Bay of Plenty 
(Coker, Phillips & Rowan, 1990).

The Aniwhenua hydro-electric scheme comprises 
a barrage dam on the Rangitaiki River just below its 

confluence with the Pokairoa Stream, forming Lake 
Aniwhenua, and a headrace canal intake for the power 
station. As the Pokairoa Stream drains directly into Lake 
Aniwhenua, the Bay of Plenty Electricity Company 
was concerned that forest harvesting would increase 
sedimentation of the lake and reduce storage capacity. 
Another important concern from New Zealand Rail was 
the culvert across the main railway line from Murupara 
to the Port of Tauranga (‘Railway Culvert’), and any 
impact that erosion and debris flows from harvesting 
might have on this infrastructure. 

The soils in the area are young, granular, permeable, 
buried airfall-pumice commonly called volcanic ash 
but better described as tephra from the Taupo eruption 
(c. 1870 years BP), Kaharoa eruption (c. 790 years BP) 
and Tarawera eruption (c. 130 years BP). 

Surface erosion processes, including sheet and rill 
erosion, slopewash and gully erosion are often a response 
to land management activities (Wallis & McMahon, 
1994) and tend to be associated with periods of higher 
intensity rainfall. The long-term average rainfall for 
Kaingaroa Forest is around 1500 mm per year. Due to the 
stream gradients and lack of significant flat terrain where 
sediment can be retained, any sediment produced from 
point sources within the catchment has a short residence 
time in the stream system and is quickly carried to Lake 
Aniwhenua (Coker, Phillips & Rowan, 1990). 

Under the current National Environmental 
Standards for Plantation Forestry erosion susceptibility 
classification the area is largely classified as moderate-
to-high erosion risk (soils more likely to erode and 
steep terrain), where a higher degree of operational care 
is required and where most forestry activities require 
resource consent (NES-PF, 2017).

Streamside Management Policy

The process of developing a Streamside 
Management Policy for the Forestry Corporation of 
New Zealand (Bawden, 1993) was the initial work that 
identified the issues to be addressed in the harvest 

Figure 1: Location map of the Pokairoa catchment (Source: Coker, Phillips & Rowan, 1990)
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plan, and through a facilitated process, set performance 
standards acceptable to all affected parties. This process 
occurred prior to the development of the long-term 
management plan for the Northern Boundary, and 
was aimed at implementing a model for riparian zone 
management throughout the company’s estate that 
addressed both steep terrain and flat land.

This policy (Table 1) provided streamside 
management buffers on larger permanent streams 
according to the slope of the adjacent land to prevent 
machine access and maintain natural vegetation close 
to water bodies. This landmark policy formed the basis 
of many regional council policies throughout New 
Zealand and is still in use in Kaingaroa Forest today 
(Timberlands, 2018). 

One aspect of developing the Streamside 
Management Policy that the Forestry Corporation 
did particularly well was including all the relevant 
stakeholders, including iwi and neighbours, in the 
process. Environment Bay of Plenty (BOP Regional 
Council), the Department of Conservation, Eastern 
Region Fish and Game, Bay of Plenty Electricity and 
Environment Waikato were actively involved in this 
process, which resulted in an outcome that was widely 
accepted and ‘owned’ by all parties. Looking back, it 
was seen as a:

… visionary approach and a great example of 
productive collaboration, which does not happen 
often in the forest industry. The Forestry Corporation 
model was well received by Environment BOP and 
held up as an example of best forestry management 
practice that other companies were encouraged to 
follow, particularly with regard to companies taking a 
long-term and holistic approach in preparing resource 
consent applications for their operations (G. Sutton, 
pers. comm.).

The Forest Management Plan

All large-scale vegetation removal (harvesting) 
and major earthworks (road and landing construction) 
required a resource consent to provide permission to 
carry out these activities that affected the environment. 
A key objective was to avoid or mitigate any adverse 
effects of the harvesting and forest engineering activities 
on the environment. 

To meet its management objectives and the 
requirements of the RMA in terms of assessment of the 
effects of harvesting on downstream users, neighbours 
and the local community, the Forestry Corporation 
decided to use the expertise of Landcare Research New 
Zealand Ltd (Landcare) and the National Institute 
of Water and Atmospheric Research Ltd (NIWA) to 
undertake environmental monitoring (Coker, 1992). 
This included an assessment of the actual and potential 
effects of the proposed activity, and the measures to be 
used to prevent or minimise adverse effects.

The intended outcome of the overall forest 
management plan was to create a harvest plan that 
resulted in the definition of specific harvest areas 
bounded by natural and logical boundaries (such 
as ridges, riparian zones and roads). At the time, the 
concept of ‘harvest areas’ was a new one, rather than 
the traditional compartment/stand designation based 
on establishment and silvicultural history. 

The intent was that no two adjacent harvest 
areas would be harvested within a three-year period, 
leading to a ‘patchwork quilt’ effect after harvesting. 
It was intended that this would reduce the ‘window 
of vulnerability’ (O’Loughlin, 1985), minimise the 
environmental effects of harvesting, and enhance the 
visual characteristics of the forests without increasing 
the cost of harvesting significantly. It was known that 
ground-based logging systems generally require more 
tracking that results in slope disturbance and could 
increase the potential for slope instability, so there was 
an acceptance that cable logging would be the preferred 
system for slopes over 24 degrees (45%). 

The result of the Northern Boundary Management 
Plan and the extensive consultation with iwi, neighbours 
and downstream interests, such as BOP Electricity and 
Fish & Game, was the first 10-year resource consent 
granted by Environment BOP (or any regional council) 
for forest harvesting operations. 

Key features of the harvest plan

The harvest plan for the Northern Boundary which 
was developed and submitted for approval had the 
following key features: 

• All harvest area boundaries were determined 
irrespective of compartment/stand boundaries

Table 1: Kaingaroa Streamside Management Policy (permanent streams)

Plateau streams Escarpment streams

Slope angle (degrees) 0–15 Steep 
bank

16–25 26+ 0–15 16–35 36–45 46+

Horizontal distance (m) 10 m 10 m 30 m 30 m 20 m 30 m 30 m 30 m

Minimum distance from stream

Machine access 5 m 5 m 30 m 30 m 10 m 30 m No machines

Tracks/roads/landings/earthworks 30 m 30 m 30 m 30 m 30 m 30 m No tracks/roads/landings/earthworks
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• The optimum annual allowable harvest levels were 
based on a long-term cutting schedule using the forest 
estate modelling package. The harvest schedule was 
modelled using What’sBest! – a spreadsheet-based 
optimisation model. ‘It was pretty unsophisticated 
compared to what can be done today. As it was non-
spatial it was not possible to apply any adjacency 
rules. But the beauty of it was that all the yield data, 
the operational constraints and environmental 
constraints were specified and included before the 
harvest schedule was locked down in the full forest 
estate model’ (I. Jenkin, pers. comm.)

• Percentages of each sub-catchment able to be 
harvested within any three-year period were specified. 
The harvest areas were quite small and hence 
harvesting adjoining harvest areas in consecutive 
years was not considered a problem provided the 
percentage rules were satisfied. Scheduling of some 
‘problem’ areas were locked in to a specific year, 
rather than allowing complete freedom to the 
model. Including the harvest schedule as part of the 
resource consent meant there was less opportunity 
to go and do something different

• Efforts were made to install the main earthworks 
(roads and landings, water controls etc) during 
optimum seasonal soil moisture conditions, well 
before harvest to allow for natural consolidation

• All steep areas (greater than 24 degrees slope) were 
to be harvested using cable haulers, mainly large 
tower haulers (>27 m height) to provide lift and 
minimise ground disturbance

• Adherence to the definition of riparian zones (as 
defined by the Streamside Management Policy)

• No operations to encroach into riparian zones or 
reserve areas to avoid damage to sensitive areas, 
such as indigenous vegetation reserves, or areas 
sacred to Māori (waahi tapu)

• No trees to be felled into the riparian zone

• Extraction direction to be uphill to ridge top 
landings and roads

• No extraction across live streams

• All cut-overs to be cleared to meet the operational 
harvesting prescription in terms of merchantable 
stem residue (over 10 cm small end diameter and 
longer than 1.2 m) volume/ha, as assessed by 
the old NZFS cut-over waste assessment method 
(Warren & Olsen, 1964)

• All unmerchantable logging debris to be placed 
where it will not enter riparian zones or destabilise 
the site

• Water control structures to direct run-off away from 
landings, fill slopes and water bodies

• Rapid post-harvest rehabilitation and re-establishment 
(over-sowing with grass and legumes and replanting)

• Ongoing long-term monitoring of water quality 
from stations established at key points throughout 
the catchment.

It should be noted that many of these features 
may seem mainstream or conventional by today’s 
standards, but were implemented at the time when 
tracking for ground-based extraction and damage to 
indigenous vegetation and sedimentation of waterways 
during harvest was common practice in many forests 
across New Zealand. It should also be noted that some 
features present in this harvest plan (such as no cable 
logging through the riparian zone) have been relaxed 
subsequently in many regions. 

Results of the harvesting operations

The interaction of soil, water and topography 
influences the character and health of streams and 
rivers flowing through and from plantation forests. 
Monitoring changes in the chemical, physical and 
biological characteristics of soil, water and aquatic 
systems provides valuable information to support 
sustainable forest management.

For these reasons, and to provide evidence of 
assessment of the effects of the harvesting operations 
in the Northern Boundary of Kaingaroa Forest, the 
streams in the Pokairoa catchment were monitored 
between October 1993 and March 2001. Harvesting 
in the Northern Boundary area started shortly after 
monitoring began. Results of the rainfall, stream 
flow and sediment data collected until March 2001, 
and commentary on the monitoring programme 
about sedimentation processes and water yield, were 
documented in numerous reports by Landcare Research 
(Rowe, 1995; Rowe et al., 1996; Rowe & Marden, 1996, 
1997, 1998; Rowe, Phillips & Marden, 2001).

The key benefits for the Forestry Corporation 
of the monitoring by Landcare Research were: a) 
that the science brought independent verification of 
environmental performance; and b) the monitoring 
was a lot more detailed, continuous and longer term 
than the resource consent compliance monitoring and 
reporting undertaken by the regional council.

Slopewash and one storm-initiated landslide were 
the principal sediment-generating processes. While 
there was variation in sediment deposition across the 
various monitoring sites and over time, the results 
showed very little sediment delivered to the streams 
via the process of slopewash from the clearfelling 
operations. One landslide occurred in the area, probably 
on 3 March 1996 (after a 24-hour rainfall of 62 mm, 
return period of ~1 year), coinciding with an earlier 
phase of harvesting (Rowe & Marden, 1998). Much of 
the sediment mass from this landslide formed a small 
dam across the Poumako Stream.

Subsequent monitoring (Marden et al., 2007) has 
shown that, at the scale of forest management areas 
(compartments), 75% of the total slopewash generated 
during the two-year post-harvest period was generated 
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in the first year. After two years when ground cover 
occupied 80% of the area, sediment generation had 
declined to almost zero (most readily available sediment 
had already been removed). During the period of this 
study, a single storm-initiated landslide was the most 
important hillslope process, contributing the equivalent 
of ~6000 times more sediment to the Poumako Stream 
than was delivered by slopewash from 38 ha (excluding 
roads and landings) of clearfelled forest.

Landcare Research scientists concluded that 
the extent of deep-disturbance sites in the Pokairoa 
catchment as a consequence of hauler logging was less 
than that found in other similarly logged steepland 
forests elsewhere in New Zealand (Marden et al., 2007). 
This was due to: a) the short, steep slopes allowed log 
lift over much of the haul length; b) harvested areas 
were small and thus fewer log hauls crossed the same 
ground; and c) logs were hauled away from the stream 
channel and not across it, thereby significantly reducing 
the amount of stream bank disturbance.

Rapid re-establishment of ground cover post-harvest 
was very effective in reducing slopewash erosion, as 
demonstrated by Landcare Research scientists. It was also 
clear that the young ash soils of the Pokairoa catchment 
are less prone to deep seated soil slip, slumps and mass 
movement than other deeply weathered lithologies 
(with soils containing finer textured silts and clays) such 
as found in other steepland forests in New Zealand. 

Lessons learned and implications for forest 
management today

1. In steep and erosion-prone areas that are part of 
permanent stream catchments, the logging of adjacent 
harvest areas should be separated in space and time. 
Planting regimes whereby whole catchment areas are 
planted in a short timeframe are not recommended. 
Harvesting and re-planting should be spread across 
several catchments so the following harvest of any 
one catchment can be spread across several years.

2. The size of harvest settings (area harvested to one 
landing) should be reduced if possible to result in 
fewer log hauls over the same ground. Repeated 
hauls of tree stems across the same cable corridor 
causes compaction of soils, reduced infiltration 
rates, and increased downslope run-off along the 
depressions, or ruts, caused by the log hauls.

3. Road and landing locations should be planned 
to provide as much log lift as possible to reduce 
deep disturbance to soils. This particularly relates 
to convex slopes and managing skyline deflection.

4. Felling trees directly downhill into incised gullies 
and heads of streams should be avoided to reduce 
breakage. Directional felling of trees on steep 
slopes next to streams is hazardous work and may 
require the use of tree jacks or machine assistance 
for safety reasons, but getting the machine to the 
site may require winch assist. 

5. On steep slopes the widths of riparian zones should 
be maintained to a minimum horizontal distance 
to stream edge of one tree length (30 m) and edge 
trees should not be felled into riparian zones.

6. Haul direction should be away from the stream 
channel not across it, to reduce the amount of 
disturbance to the stream bank.

7. It should be recognised that riparian vegetation 
(whether indigenous or exotic) is largely ineffective 
in preventing mass movement of landslide-
generated debris from entering streams.

8. The cut-over, heads of streams and incised gullies 
should be cleaned from as much logging debris 
as possible, and this debris should be placed on 
flatter areas where it will not enter riparian zones 
or destabilise the site (such as ‘bird’s nests’ close to 
slope edges). 

9. Skilled steep land harvesting crews were used 
that took pride in achieving the challenging 
environmental constraints, including meeting 
the Streamside Management Policy requirements, 
while still managing to meet production targets. 
These experienced and dedicated crews were critical 
to the environmental success of the Northern 
Boundary Harvest Plan.

10. Rapid recolonisation of logged sites with ground 
cover (whether indigenous or exotic) should be 
encouraged to prevent immediate slopewash 
erosion on deep disturbance sites. The practice of 
over-sowing, as a vegetative weed control alternative 
to desiccation for controlling Buddleia and broom 
(Cytisus spp.), accelerates this recolonisation 
process, thereby reducing raindrop impact, 
increasing transpiration and infiltration, and 
impeding overland flow, and reducing slopewash 
erosion to near pre-harvest levels, within about 
two years of the completion of harvesting.

11. The link between harvesting and re-establishment 
should be maintained to ensure ongoing maintenance 
activities in the post-harvest management regime. 
The Environmental Code of Practice lists Best 
Environmental Practices (BEPs) for earthworks and 
harvesting. For example, old skid trials should be 
closed out using water bars, and sediment traps need 
to be emptied periodically (ECOP, 2007).

Much of what was new and being tried back in the 
1990s is now mainstream. The unique feature of the 
Northern Boundary Harvest Plan at the time, which 
later formed the foundation for subsequent approaches 
of a similar nature by other forestry companies, was the 
extended timeframe. It took a strong commitment and 
considerable thought and effort to plan at that scale 
over that length of time. Forestry companies today 
still find maintaining that level of commitment to a 
harvest plan a struggle. It is easier in a smaller isolated 
block, but the Northern Boundary was a large area, 
contiguous with a large production forest, with an 
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established roading infrastructure and therefore had 
plenty of options to consider.

Conclusion

Traditionally earthworks for landing and road 
construction have been major sediment sources, but 
over recent years improved planning, engineering 
design and construction have reduced this problem and 
much of the sediment generated from forestry is from 
landsliding and debris flows (Phillips et al., 2012). 

Significant debris flow events are common after 
cyclones (‘weather bombs’) that hit New Zealand, such 
as Cyclone Cook in April 2017 (Cave et al., 2017), 
Cyclone Gita in February 2018 and Cyclone Pam in 
June 2018 (Macfie, 2018). These mass soil movements 
result from significant slope failures originating on 
steep erodible forest slopes that are often windthrown 
prior to harvest. The slopes commonly fail into stream 
tributaries of larger rivers. Once water pressure builds 
up the slip then collapses and erodes the stream bed 
downstream for a considerable distance (often hundreds 
of metres). 

Wood residues mobilised by these slope failures 
form moderate to large-sized log jams in waterways 
that can impede the water flow and be released with 
sufficient force to drive debris out beyond the forest 
boundary and deposit it onto flood plains some 
kilometres downstream from the original land slips. 

Earthworks and clearfelled areas of plantation 
forests can generate large amounts of sediment by both 
surface erosion processes and mass movement. Riparian 
buffers can contribute to reductions in sediment input 
to streams, but there is a lack of certainty about what 
sized buffer or setback is required to be effective in 
plantation forestry, especially to mitigate the effects of 
landslides or debris flows. 

This case study provided some background 
justification for the process of establishing streamside 
management zones. It is unlikely that post-harvest 
landslides and debris flows on steep erosion-prone 
land subject to intense rainstorms can be entirely 
avoided (Amishev et al., 2014). Developing strategies 
for managing post-harvest landslides and debris flows 
continues to be particularly problematical. A number 
of approaches are used by the forest industry today to 
minimise the incidence of debris flows and accumulation 
of woody material that may get incorporated into debris 
flows including:

• Employing different harvesting methods (better log 
suspension and less ground disturbance) in areas 
identified as having a high risk

• Minimising the size of ‘bird’s nests’ of woody biomass 
on landings (improved residue management and 
utilisation)

• Pulling harvested trees away from riparian areas 
(improved felling techniques to reduce breakage)

• Managing setbacks in riparian areas to prevent 
flows of run-off and sediment to stream channels 
(referred to as ‘breakthroughs’)

• Substantial debris-capturing structures

• Improved scheduling of harvest operations.

Despite these approaches, recent areas of concern 
raised by local government environmental regulators 
include:

• Forest planting too close to protected water courses

• Wood in a position where it could enter a protected 
water course

• Logging residue placement on landings too close to 
slopes to prevent movement downslope

• Inadequate water controls on roads and landings

• Some road engineering practices, such as fill 
placement, side casting and benching.

While regional council and industry guidelines 
for erosion and sediment control focus on earthworks 
using similar practices to those employed on other 
construction sites, there are no forestry-specific New 
Zealand studies to establish performance of these 
practices, or to determine the relative contribution 
of sediment from infrastructure (primarily by run-off 
driven processes) and from the clear-cuts, primarily by 
mass movement processes (Basher, et al., 2016).

As an industry we may be facing a ‘tipping point’ 
in environmental management. This is a moment 
when a normally stable or only gradually changing 
phenomenon suddenly takes a radical turn, or makes 
a rapid transition or an abrupt change. Examples are 
rapid shifts in public opinion, political regimes or 
public policy across multiple domains. Most tipping 
points involve ‘triggering events’, and create periods of 
uncertainty with the potential for a range of outcomes. 
The experiences in Tasman Bay in February 2018 and 
Tolaga Bay in June 2018 are salutary reminders of the 
power of the mass movement of storm-initiated and 
landslide-generated forest debris when it is able to enter 
waterways.

George Santayana (1863–1952), the influential 
20th century thinker, constructed the historical truism 
‘those who forget the mistakes of the past are doomed to 
repeat them’. The lack of ‘institutional memory’ in many 
current forest management companies, many of which 
have experienced multiple ownership changes over 
the last 25 years, has resulted in the lessons of the past 
being forgotten. Lessons learned from the harvesting of 
the Pokairoa catchment in the Northern Boundary of 
Kaingaroa Forest 25 years ago are just as relevant today. 
Forest managers must continue to manage forests on 
a catchment scale to mitigate the risks of these events 
recurring in ever increasing frequency. 

It is timely that the forest industry has started to 
get its collective head around the scale of the problem 
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(Payn, et al. 2015) and cooperate towards developing 
best practices for mitigating the mobilisation of harvest 
residues in steepland plantation forests (Visser et 
al., 2018). A project funded by the Sustainable Land 
Management and Climate Change (SLMACC) research 
programme also started in 2018 to look at potentially 
different ways to manage these Very High-Risk Erosion 
areas (MPI, 2018). As a result of a recent workshop on 
research into the management of erosion-prone lands 
held in August 2018 (FGR, 2018) a number of industry 
best practice, additional near-term management 
actions and medium-term research projects have been 
recommended for action in 2019. 
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